One of the most common knee injuries is ligament tear, which may initially manifest as an osseous injury in radiographs. Radiologists should therefore be able to recognize ligament tears of the knee as osseous abnormalities in images. This review focuses on the imaging features of knee ligament injuries and their related osseous injuries: anterior cruciate ligament (ACL) tear with Segond fracture; associated marrow contusion; ACL avulsion fracture; posterior cruciate ligament (PCL) tear with osseous avulsion of the ligament including arcuate sign; reverse Segond fracture; PCL avulsion fracture; medial collateral ligament tear with Pellegrini-Stieda disease; lateral collateral ligament tear with avulsion fracture of the fibular head; and patellar ligament injuries with Osgood-Schlatter and Sinding-Larsen-Johansson.
Although common in occurrence, knee injuries require early and accurate diagnosis for optimal management. The knee consists of the femorotibial and patellofemoral joints, with the cruciate ligaments between the femoral condyle and tibial plateau present to ensure stability and freedom of movement [1] .
The anterior cruciate ligament (ACL) extends between the posteromedial aspect of the lateral femoral condyle and the anteromedial tibial spine. It becomes taut on knee extension, limiting anterior displacement of the tibia to the femur [1] . The larger stronger posterior cruciate ligament (PCL) extends from the lateral aspect of the medial femoral condyle to its insertion in the depression along the posterior aspect of the articular surface of the tibia [2] . It becomes taut on knee flexion and thereby restricts posterior displacement of the tibia.
The collateral ligaments of the knee, the medial collateral ligament (MCL) and the lateral collateral ligament (LCL), stabilize and support the medial and lateral aspects of the knee and resist valgus and varus loads, respectively [1] .
This pictorial review will familiarise radiologists with imaging findings of knee ligament tear-related osseous injuries that commonly occur in contact sports.
Imaging Modalities
The radiograph is conventionally the first step in evaluating knee injuries and the first step in detecting ligamenttear related osseous abnormalities, which are visible in standard anteroposterior and lateral views.
The value of magnetic resonance imaging (MRI) in depicting ligament anatomy and pathology has been widely established. As a rule, the imaging is multiplanar in the coronal, sagittal, and axial planes, and MR protocols include both anatomic and fluid-sensitive sequences (eg, T1weighted or proton density-weighted spin-echo images and fat-saturated proton density-weighted or fat-suppressed T2weighted spin-echo images). On pulse-sequence images, fiber-containing, intact knee ligaments appear to be homogeneous and hypointense.
Osseous Injury Related to ACL Tear
ACL tear is one of the most common knee injuries with higher incidence in women [3] . The true prevalence of the incidence is not known mainly due to lack of well-defined population-based cohort studies and the fact that people with knee injuries may not seek treatment. A population based study by Nordenvall et al [4] showed an overall incidence of cruciate ligament injuries of 78 per 100,000 people.
Osseous injuries in patients with ACL tear typically occur when a strong valgus load causes knees (with the tibia in external rotation or the femur in internal rotation) to pivot shift [4] .
On MRI, absence of the low signal of the normal ligament or abnormal morphology in the sagittal or coronal planes indicates ACL tear. ACL tear-related bony injuries include bone bruises [5] , Segond fracture [6] , the lateral femoral notch sign [7] , and tibial avulsion fracture. Bone bruises are usually radiographic-occult but detectable on MRI ( Figure 1 ). They are most commonly identified in lateral femoral condyle and require MRI confirmation of the ACL tear. The injury is due to pivot shift of the knee and has the typical appearance of a marrow contusion (i.e. signal intensity changes classically seen on MRI in the lateral femoral condyle and posterior lateral tibial plateau) ( Figure 2) .
A Segond fracture is a tear-related avulsion injury of the lateral capsular ligament extending from the lateral tibial rim [6] or tear-related injury of the anterolateral ligament as illustrated in recent publication [7] , and it is highly specific to the ACL tear [8] . An anteroposterior view on a radiograph will show an elliptical curvilinear bone fragment abutting the lateral aspect of the tibial plateau ( Figure 3A ). On MRI, the hypointensity of the normal ACL and its morphology are notably absent ( Figure 3B ).
Seen on radiographs and MRI, the lateral femoral notch sign [9] refers to a depression in the lateral femoral condyle at its terminal sulcus, indicating an impacted fracture at this sulcus ( Figure 4 ). To measure lateral condylopatellar sulcus depth on a lateral radiograph, a tangent line is drawn across the sulcus on the articular surface of the lateral femoral condyle, and the depth is measured perpendicular to this line at its deepest point. A depth greater than 2 mm is commonly associated with ACL tear. 
Osseous Injury Related to PCL Tear
Although less common than ACL tears, PCL tears are associated with other injuries, including bone bruises at less predictable locations. The appearance of PCL on MRI ranges from focal areas of abnormal signal to complete disruption of the ligament.
One of the most noteworthy findings suggestive of PCL tear-related osseous injury is the arcuate sign [10] , indicating an avulsed fragment of the styloid process at the site of posterolateral ligamentous complex insertion (insertion site of the popliteofibular, arcuate, and fabellofibular ligaments) rather than the lateral aspect of the fibular head (insertion site of the fibular collateral ligament and the biceps femoris tendon) and appearing as a lucent line with its long axis oriented horizontally through the head of the fibula on standard anteroposterior radiographs ( Figure 6 ). Despite its relative rarity, it plays significant role in knee injury, particularly in multiligament knee injuries including posterolateral corner injury and ACL tear in trauma setting [8, 10, 11] .
PCL avulsion injury, although less common than its anterior counterpart, can be just as debilitating and cause chronic instability and early degenerative changes. The incidence is about 9% in a retrospective study of 47 patients with PCL injuries [12] . Avulsion fractures with PCL tears are best seen on lateral radiographs as focal discontinuities in the posterior aspect of the tibial articular surface ( Figure 7A ). A bone fragment may well be seen attached to PCL and detached from the remainder of the posterior tibial plateau on MRI ( Figure 7B) .
Another PCL tear-related osseous injury is reverse Segond fracture [13] , a rare osseous injury with an incidence of <1% [14] . It is an avulsion knee fracture involving the medial proximal tibia, stemming from avulsion of the deep capsular component of the medial collateral ligament, and characterized radiographically by an elliptic bone fragment arising from the medial articular surface of the proximal tibia ( Figure 8 ). 
MCL Tear-Related Osseous Injury
The most common MCL tear-related osseous injury is bone bruising, which is usually seen on MRI [15] .
On anteroposterior radiographs, a Pellegrini-Stieda lesion is a linear vertical ossification or calcification of the proximal portion of the MCL and usually near the medial femoral condyle with or without the involvement of adductor magnus insertion [16] (Figure 9 ). Although commonly asymptomatic, Pellegrini-Stieda syndrome is characterized by the presence of medial knee pain, MCL injury, and the previous distinctive imaging finding.
LCL TeareRelated Osseous Injury
Isolated avulsion fracture associated with an LCL tear is rare. Nevertheless, the fracture is detectable on radiographs when the LCL is torn or injured ( Figure 10A ) and usually transverse with a large proximal fragment. An LCL tear may also be associated with a PCL tear. The LCL tear is best seen on coronal MRI ( Figure 10B ).
Osseous Injury Related to the Patellar Ligament
Osseous disorders related to the patellar ligament include acute avulsion fracture of the tibial tuberosity, notably in the children, or known as Osgood-Schlatter disease (OSD) and acute avulsion of the inferior pole of the patella, also known as Sinding-Larsen-Johansson Syndrome (SLJS). These abnormalities occur primarily in adolescents [17] . Radiograph ( Figure 11A ) and computed tomography can detect the ossification and bony attachment irregularities or enlargement, and fluid-sensitive-sequence MRI can detect distension of the deep infrapatellar bursa between the anterior cortex of the tibia and undersurface of the patellar tendon ( Figure 11B ). SLJS is a juvenile osteochondrosis with inflammation-induced injury at the point of patellar tendon attachment to the inferior pole of the patella (Figure 12 ). It is an overuse rather than traumatic knee injury. At presentation, patients with OSD or SLJS tend to have chronic pain and tenderness in the affected region.
Conclusion
Osseous injuries are common in clinical practice and may indicate ligament tears of the knee. Some characteristic imaging findings in radiographs include avulsion fractures, Segond fracture, lateral femoral notch sign, reverse Segond fracture, and arcuate sign. Other causes of knee pain include Pellegrini-Stieda disease, OSD, and SLJS. If the initial radiograph is indefinite, but a ligament tear is suspected, MRI can be selected to further evaluate radiographic-occult fractures and ligament tears. When a bone bruise is identified, a search for ligament injury is warranted.
